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METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE 

iq baS ed on Japanese patent 
This application is based 

o the content of which is 

5 application NO .2002-303631, 

crated hereinto by reference, 
incorporates 

BACKGROUND OF THE INVENTION 
in , F1 eld of the invention 

„ lat .es to a method for 
The present invention relates 

a semiconductor device and a semiconductor 
manufacturing a sem reiates ^ 

device. More specrf really, a 

featuring a semiconductor device rn 

• „ the semiconductor devrce. 
pro cess for manuf acturrng the sem 

20 2 . Description of the Related Art 

t veers for the purpose of satrsiy 
In recent years, integration 
ed needs for obtaining higher level of 

seml oonductor device 

£or semiconductor devrces, a type 

t-wnes of devices mcluamy y 
ich comprises various types 

different thickness (simpiy 
elating fil- havrng drffere 

Me" hereinafter) is developed. A ge 
as "multi-oxrde herer having 

, turing a conventional semrconductor 
for manufacturing a 
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■v^ri in reference to Figs. 8A to 8D 
. , „;n be descrxbed xn rei«j. 
multi-oxxdes will oe 

and 9A to 9E. _ . 

. F . a 8A a device isolation regxon 112 
As shown xn Fxg. BA, 

llicon substrate 110, and thereafter an oxide 
formed on a silicon sud 

. j. £llm 116 are formed thereon via a 
5 film 114 and an oxide film a reslst layer 118 Is 

th ermal oxidization. Consecutively, a resist y 

. , 116 as shown in Fxg. «»• 

+-v, a oxide fxlm no, ao 
formed on the oxxae x. 

The resultant substrate bavin, films thereon is 

et etohed by using an etch solution such as buffered 
wet-etcnea uy operatxon 
• j (BHF) as shown in Fxg. 8C. The op 
10 hydrofluorxc acxd (BHF) 

<Him 114 is removed, as snown 
provides that the oxide fxlm 11« 

PI „«„., .» . ..•«« ■• —;; s ■ :„. „ 

^ a=s shown xn Fxg. ^. 
• «- i.ver 118 is removed, as snow 
resxst layer is cleaned 

with „ a _ h ydrogen peroxide mix^ ^ _ 
par ticulate contaminants, and a ^ 
and so on are removed by using diluted 

,„ is formed via a thermal 
Subsequently, an oxide film 122 

„ mFig 9D. This processing provides 
oxidization, as shown in Fig. di£fere nt 

i? fi and 128 having different 
that two gate insulating films 126 

thlckne ss are formed as shown in Fig. 9E 

The related conventional technology is — * 

, , Fiqs 57 to 62) and "ultra Clean ULSI 
25 A - 2 000-3, 9 65 (PP. 3, Figs. ^ 

Technology" of OHM!, Tadahiro (written 
BAIFUKAN, Tokyo Japan (pp. 1= 6 to 151) - 
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eral the « WW solution or re-lover for 
in general, contains 
• organic compounds suoh as resrst laye 

° r9a . de solu tion mixture (SPK) 

example, JP removing the resist 

■ H and hydrogen peroxxde for rem 

120 is formed on 

11fi an unwanted chemical oxxde 

laYet f the silicon suhstrate 100 as shown in ^. SB 

'"T« o-V * controlling the —ess of the £ orme d 

10 " USin9dl££l f " lm to he thinner. 

ga te insulatrng frlm ^ stalns 

„ surface of the six 

the u-ce is formed, causing difficulty 
such as watermark or th ^ ^ ^ 

ln controlling the uniformrty of 



15 fi lm 



ni- technical progress in the 
i_ • i <=> the recent teunu- 
Meanwhile, tne j. . 

f the semiconductor devices requrres 
mi niaturizatron of designing the 

• „ th e switching rate of transrstors y 
improvrng the swi lengt h. In order to 

transistor to have a shorter ^J^^ the thickness 
20 pro vide shorter gate end ^ ^ ^ _ ^ 

of the gate £oE controlling 

£ilm thickness, and - ^ ^ ^ ^ ^ 

the film thickness of the 

reqUirSd ' hile the technology for P-iding the film 

Further , whrle th ^ inner ^ required; the 

thickness of the formed frlm 
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causes a problem, in whicb tne gate leakage electrical 
current to a .eve!. Tbus, , - 

exp ected to - the problem by employing a 
use d insulating «U. baving bigber dielectric consta b 

^ OT . referred as "high-K 
siiicon oxide (SiOa) £ila (hereinafter 

u . ■ , lv thicker film while maintaining 
film") to provide physically thicKe 

the dielectric properties thereof. 

However, tne bigb-k ^ —ally involves a proble, 
of having lower thermal resistance, and tbus wnen a nig.-, 
0 fiim is formed directly on tbe silioon strata, a chemical 
rea ction between the bigb-k !U* and the surface of the 
siU ccn substrate during a thermal processing to deteriorat 

c will occur. Therefore, it is proposed 
the device properties will occur 

■ de a sl licon oxide film between the higb-k film and 
to provide a sinuui 
15 the silicon substrate to inhibit such deterioration of 

t . es (s ee for example, .P-A-2001-274. 378,. In 
device properties (see, 10 

this case, tne thickness of tne formed silicon oxide film 
pr eferably controlled to nave tninner film tbickness as 
possible, in order to maintain tne driving capacity of 
20 gate. 

SUMMARY OF THE INVENTION 

• of the above situation, the present invention 
In view or tne duuvc 

+ the above-mentioned problems, and it 
„ Dr0 vides a solution to the above 

25 provia nrov ide a technology 

is an object of the present invention to provide 

f the silicon oxide film formed 
of controlling the thickness of the sxlxc 
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on the semiconductor substrate to be thinner. It is another 
l, ct of the present invention « ^ the for^ - 

an ted film or the stain such as watermark on the 
the unwanted rum u 

S e— tor substrate. 
5 mention to provide a technology of controlling the 

^ ™ the semiconductor substrate. 
■ a. „-f thp film formed on tne sam 
uniformity of the rim 

.soect of the present invention, there 
According to one aspect 

... a method for manufacturing a semiconductor device, 
is provided a metnoa j-u _ 

patterned film having a predetermined 
comprising: forming a patterned 
10 ge ometry on a semiconductor substrate,- an d wet-processa the 
arface of the semiconductor substrate that has an expose, 

• i ,Ht-h a chemical solution 
surface of a semiconductor materaal wath 

* as a main component, after the 
containing an organic solvent as 

step of forming the patterned film. 

The semiconductor substrate according to the present 
«ion may comprise: an element semiconductor such as a 
Ge or the 11- a compound semiconductor such as Ca*s, «. 

the lik e- cr a mixed crystal semiconductor 
inP, CdS, SiC, or the lake, 

rt „ like The term "surface of the 
such as InGaAs, HgCdTe or the lake. 

- « indicates a working surface of tne 
,n semiconductor substrate" andacates 

ostrate The term "main component" means the 
semiconductor substrate. 

compon ent having the largest volume content in the chemaca 
' „eous solvent. The chemical solution may contaan water, 

ef erably be free of hydrofluoric acid-contaanang 
9R and may preferably oe 

lfuric acid-containing component or hydrogen 

component, sulfuric acia rarrie d 

. The wet-processing may be carried 

peroxide aqueous solution. The P 
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_ B »re the term "wet- 
out at an ambient temperature. Here, 

processing" indicates a processing of, for 

processing, cleaning or wet etching for the semrconductor 

t • on described above provides preventing 
The configuration descrroe 

■ of water on an exposed surface of the 
the adhesron of water ^ 

sem iconductor substrate when the exposed surface 

f=d films or watermarks on 
therefore the formation of unwanted frlms 

the semiconductor substrate surface can be prevented. 

wording to another aspect of the present rnventr 

f 3r fnrina a semiconductor 
■^h * method for manufacturing 
there is provided a metnoa 

= film on a semiconductor 
device, comprising: formrng a frlm on 

■ „ at least a part of the film with a 
substrate; removing at least P 

— — -""ri:,;r:: r:::;.:„, - 

15 component; and exposing at least 

semiconductor substrate. .„„ an 

Thi s configuratron provides a prevention of formrng 
unwanted film such as a chemical oxide film on the 
semlc onductor substrate when the semiconductor surface 
20 semiconductor substrate is partially exposed by the 

• rhP film on the semiconductor 
processing of removing the film 

SUbStrate " rt of the present invention, 

According to further aspect of P 
th ere is provided a method for manufacturing a semiconductor 

• = film on a semiconductor 
25 device, comprising: formrng a frlm 

t oartially removing the film to expose a part 
substrate; partrally cond ucting a 

the surface of the semiconductor substrate, 
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wet processing for the semiconductor substrate with a 

ohemical solution containing an organic solvent as a main 

nent m this method, the wet processing for the 
component, m uuxo 

h^trate with a chemical solution containing 
semiconductor substrate with 

5 an organic solvent as a main component can b e conducted 

a pa rt 0£ the surface of the semiconductor substrate 
exposing a part or 

wit hout conducting a cleaning processing for the 

semiconductor substrate with pure water. 

„t »f the present invention, 
According to yet other aspect of the p 

• s provided a method for manufacturing a semiconductor 
10 «-~ 1SPr ° Vlde . a £lrst film and a second film on 

device, comprising: forming a first 

a semiconductor substrate,- removing at least a part of 

a M rt of the surface of the 
first film to expose a part _ 

hstrate . and removing the second film wxth a 
semiconductor substrate, 

15 chemical solution containing an organic solvent as a mam 
oomponent. The second film may be a resist layer for 

example. 

, , ^ ^^opnf invention, rne 
in the method according to the present 

i a f i rst region and a 
20 semiconductor substrate may include a 

d the first film and the second film may be 
second region, and the first 

respectively, m addition, the second region may be 

25 formation process of a device in the first region, and after 
the formation of the device in the first region, the second 
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. n In such case, since the second frl* 
second KgW n. ^ Qf ^ unwanted 

re.o.ed by the or.anic sorvent, 

■ i oxide film on the surface o 
£ilm such as a che.rca! ox.de 

■conductor substrate m ay be prevented, 
semiconductor substrate is 

. n the surface of the semiconductor subst 
5 region on the su ^ fUm> 

h during the removal processing for 
exposed during inve ntion, the 

T rhis method according to the pr 

In this met" formed on 

.redetermined geometry may be formed 
second film having a predeter plective ly removed 

f . lm and the first film may be selective y 
the first film, and semiconductor 
, least a part of the surface of the 
10 to expose at least P predete rmined 

^ that the first mm 

Z:L Z ,e Panted, even « the sur.ace or the 
15 substrate may removal 

h< , trate is exposed during tne 
semiconductor substrate 

■For- the second film, 
processing for the 

according to yet another aspect of 

•H.d a method for manufacturing a 

— there is pr °c: — ■ — mm 

2 0 semiconductor device, « * _ _ „ 

on a semiconductor substrate, ^ ^ 

the insulating film, forming a P ^ 
v, • n a predetermined geometry on the 

having a preae ni -ilizing the 

, hp oonductive film utiliziuy 
selectively removing the condu 

mask- selectively removing the 
^ ■ ~ fHin as a masK, tae-i-^ 
25 protective film of ^ 

„ film to partially expose the 
insulating film top processing for 

v^rrate- and conducting a wet pro 
semiconductor substrate, 



hstrat e with a chemical soluticn 
the semiconductor substrat ^ . 

containing an organic solvent 

T he protective film «Y * f°™ed of 

.■lm may be formed of an oxide film or a 

Th e insulating fil» on 

. - de fi lm «hen the semiconductor substrate 
" bst rate the insulating film may be 

or- a SiC substrate, one 
substrate or a sio 

In the manufacturing method for 

„• to the present invention, the step of 
device accordrng to the pr o£ remo ving 

ina the insulating fil» ~Y inclUdS 3 
3 re movmgthe DaEt ially exposing the surface of 

the protective film before partral 
the semiconductor substrate. 

In the manufacturing method for the semrconductor 
• d e.ice according to the present invention, the step of 

. latin g film may include steps of. 
15 removing the rnaulatrng a dry 

=> nart of the insulating 
selectively removrng a par ^ 

^•u nmfprtive film at> a 
etching utilizing the protect 

. f11m - and selectively removrng the rem 

""^^ film via a wet etching utilizing the 

° £ lnSUl ma K to Pattially expose the surface of 

20 conductive film as a mask, 

the semiconductor substrate. 

f , nH for the semiconductor 
I„ the manufacturing method for 

ording to the present invention, the step of 
device according to forming a 

composed of a materia 
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the silicon oxide film. 

In the manufacturing method for the semiconductor 
de vice according to the present invention, the step of 
amoving the insulating film may include steps of: 

• a na rt of the second insulating film vxa 
5 selectively removing a part ot tne 

... • -hho protective film as a mask; 
a dry etching utilxzxng the protect! 

=«h qplpctivelv removing the 
nrotective film; and selective y 
removing the protective 

i-hp first insulating 
remained part of the insulating trim and the 

£i lm via a wet etching utilizing the conductive film as a 
10 masx, to partially expose the surface of the semiconductor 
sub strate. The etching solution for wet-etching the 
remaining part of the insulating film may he alcohol, 
phosP horic acid or sulfuric acid that additionally contarn a 

fluoride-containing compound. 

^v, * the semiconductor device 

15 The manufacturing method for the sem 

ac cording to the present invention may additionally include a 
step of forming a device isolation region on the 
semiconductor suhstrate hefore conducting the step of forming 
th e insulating film, and thus, on the device isolation region, 

■ al nf t he semiconductor substrate 
20 the surface of the material of the sem 

j in the s tep of removing the insulating film, 
can be exposed xn tne step 

In the manufacturing method for the semiconductor 
device according to the present invention, the step of 
£ orming the insulating film may additionally include a step 
25 of forming a high-, insulating film composed of a materrel 

ha ving higher dielectric constant then the silicon oxide frlm, 
an d the step of removing the insulating film may additionally 
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of . selectively removing a part of the high-. 

prot ective 

v ia a dry etching utxixziny 
insulating fxlm Y selectively 

, mask- removing the protectxve fxlm, 
film as a mask, rei * film via 

■ pH oart of the high-k xnsulatxng film 

^ re :; 1 e motive film as a .as, to 

5 3 ^ et0hlng I. o £ the semiconductor .strata, 

and the wet etching may be earned 
solution or remover containing an organic solvent 
c Znent an d a fluoride-containing compound, a remove 
10 solutl on containing hot phosphoric acid or a removing 

nfuri c acid. This configuration 
solution containing sulfuric aci 

d s th at if the semiconductor substrate includes a 
provides that, lns ulating 
• l»tion region formed thereon, the high 

r:::r,i.:.» — — — - — 

n isolation region. 

, mt for the removing solution that 
The organic solvent for tn 

solvent as a main component and a 
contains an organic ^ 

fluoride-containing compound may be a so 

. of easy and safe handling, and typical 
flash point in view of easy kvle ther-based 
K di or tri-alkyleneglycol monoalkylether 
20 solvent may be di or 

solvent. More specifically, 

dl -ethyleneglycol monobutyl ether,- di-ethyle negly 
m onomethyl ether ; di-propyleneglycol monomet hy ^. 
propyleneglycol monoethyl ether,- tri-eth ylene, ^ 

, . tri . propyleneglycol monomethyl ether, 
25 monomethyl ether, tri P Alter natively, 
propyleneglycol monoethyl ether or the like. 

. rii or fri-alkyleneglycol monoalkyl ether 
instead of using di- or tri 
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. , tetra hyd ro furfuryl alcohol (THFA) or the 
acetamlde, tetra nyu 

, nrlp select ed from these solvent may be 
may be employed, and one selecte 

5 used or the mixture thereof may be used. 

fording to another aspect of the present invention 
ther e is provided a method for manufacturing a semiconductor 

■ • tormina a insulating film on a 
device, cc.mprxsd.ng: forming 

semiconductor substrate, the insulating film compr s n t 
10 least a high-x insulating film that has higher dielectric 
l tant than th e Silicon oxide film,- selectively remove 

th e insulating film via a wet etching with a chemical 

■ ■ a n organic solvent as a main component to 
solution containing an organic _ trate 

the surface of the semiconductor substrate. 
r^-rtiallV expose the suna 
15 " Th is manufacturing method for the semiconductor device 
accordlng to the present invention may additionally include a 

, c , Hre isolation region on the 
cten of forming a device isoxct 

step ui i „ 0 f forming 

, ctrate before conducting the step ox 
semiconductor substrate Dexoj- 

r\ thus on the device isolation region, 
the insulating film, and thus, 

• -i rsf the semiconductor substrate 
90 the surface of the materxal of the sem 

my be exposed in the step of removing the insulating film 
Us configuration provides that the high-, inflating film 
can be selectively removed without etching the device 

isolation region. inventi on, 
25 according to another aspect of the p 

f^tnrina a semiconductor 
there is provided a method for manufacturing 

• ■ terming a first film and a second film in 
device, comprising: forming a 
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voQnpctively , on a 
. first region ana a second regron, respect 

bst rate- forming a protecting film that 
semiconductor substrate, 

the second insuiating film; -moving the frrst 

se the surface of the semiconductor 
insuiating film to expose the s 

, re in the first region; removing the protecti 
substrate m tne solvent as a 

■ ! solution containing an organic solvent 
with a chemical solution 

a third insulating film on tne 
main component; forming a thrrd 

region, the third insulating film having drff ere 

9 , the second insulating trim, 

different composition from the secon 
° r t - on the first and the second regrons 

in this configuration, the 

. ed to he device forming regions. alternatively, 

the second region i ^ _ ^ 

^ linnet f h i-ss than the second plating 
formed to have thinner 
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fVinH for the semiconductor 
in the manufacturing method for 

oxidizing the semiconductor substrate 

20 oorresponding regions. semlcondu otor device 

Th e manufacturing method ly lnclude a 

to the present invention may addit 
according to the pr seC ond 
f forming a first high-, insulating fxl» 

, on the third insulating film and the 
high _ k insulating film on the 

f . lm respectively, the first nig 
25 second insulating film, 

^im and the second high-k insulating 
insulating film and cons tant than 

h f a material having higher dielectric 
composed of a materia 
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the silicon oxide film. 

Here, the first high-* i—ting film and the second 
high _ k insulating film he films contain, an element of 

f nr a series element. ^ 
v -a -n series element or 4A sen 
3A series element, 3B series 

*, elected for the films containing an 
high-k film may be selected ro 

, , , B series element or 4A series 
element of 3A series element, 3B series 

■,t= fnr such films may be 
element. The exemplary materials for 

■ hafnium lanthanoid, aluminum, indium, gallium or 
zirconium, hafnium, x<« 

t he oxides thereof. That is, .r. Hf. L a,hu, 

Bo. ce, ,1, m, S. or the oxides thereof. More specially, 

zr0x , „ £ o„ Hf A10 x , ,1,03, ln 2 0 3 , Ca 2 0 3 or the lixe. In 

i ufain are preferable in view ot 
particular, ZrO x , HfO x and Hf A10 X are pr 

f rhP resulting devices and the 
the performances of the resuixi y 

applicability to the manufacturing process. Alternatively, 
ma terials having higher dielectric constant than the 

. t- of the silicon oxide film (3.9 to 4.5), 
dielectric constant of the 

u ' m ritanate (BaSrTi0 3 ) , titanium oxide (Ti0 2 ) , 
such as barium titanate \d 

. , (Ta00 silicon nitride (Si 3 N 4 ) , silicon 
tantalum oxide (Ta 2 0 5 ) , si-^ 

oxynitride (SiON, , alumina (Al 2 °3> or the lixe. 

In the manufacturing method for the semieonduetor 
de vice aceerding to the present invention, the organie 
solvent may preferahly he a solvent having polar group. The 
P elar group is a functional group having electronegatrvrty 
dif£ erent from that of carhon, sueh as hydrexyl group, 
25 b end group, carhonyl group, carhoxylie group er the IrKe 
The availahle solvent having polar group may he: alcoho 
such as isopropyl alcohol, isohutyl alcohol, ethylene glycol, 
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like- ethers such as glycol ether, 
tert-butyl alcohol or the like, 

pr opyleneglycol monomethyl ether or the like; ketones such as 
cyc lopentanone, cyclohexanone, methylethyl ketone, 2- 
hep tanone or the like,- or ester, such as propyleneglycol 
5 mono methyl acetate or the like, these, the preterite 

solvent may be one or more selected from the group consisting 
of isopropyl alcohol, ethylene glycol. 2-heptanone, 
cyclopentanone, methylethyl ketone, glycol ether, 
propyleneglycol monomethyl ether, and propyleneglycol 
10 monomethyl acetate, and In particular Isopropyl alcohol rs 
m ore preferable. This configuration provides that the 
nation of unwanted films or stains such as watermarks on 
the semiconductor substrate surface can be prevented. In 
Edition, the solvent may preferably be a hydrophilic solvent. 

X„ the m anufacturing method for the semiconductor 
d evice according to the present invention, the organic 
■ sol vent may be iso P rc P yl alcohol, and the cereal solution 
may contain not less than 90 * vol. of isopropyl alcohol. 

+->>^h for the semiconductor 
in the manufacturing method for tne 

<- ThP nresent invention, the protecting 
20 device according to the present: 

film may be an i-line resist film. 

In th e manufacturing method for the semiconductor 
devlC e according to the present invention, the protecting 

• i f ha i- is not dissoluble with 
, k« formed of a material that is not 
layer may be rormeu ui 

25 buffered hydrofluoric acid. 

according to another aspect of the present invention, 
th ere is provided a method for manufacturing a semiconductor 
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device, comprising: forming an instating film on a 
semiconductor substrate, the insuiating film comprising at 
Xeast a high-, insuiating film that has higher dieiectrrc 
constant than the siiicon oxide film; selectiveiy removing 
5 the insulating film via a wet etching with a chemicai 

solution containing an oxidizing acid or a sait thereof to 

-v, mirface of the semiconductor substrate, 
partially expose the surface ot 

The available material for the high-K insulating film may be 
the materia! same as used for the above-mentioned first high- 
10 k insuiating film and the second high-K insuiating film. 

I„ the manufacturing method for the semiconductor 
device according to the present invention, the oxidizing acid 
or the sait thereof may be one or more compounds seiected 
£r om the group consisting of phosphoric acid, sulfuric acrd, 
15 nitric acid, perchioric acid, permanganic acid and salts 
thereof, and cerium ammonium nitrate. 

I„ the manufacturing method for the semiconductor 
device according to the present invention, the processing for 
temoving the insuiating film can be carried out at a chemical 

* An Henree C to 200 degree. C. 
20 solution temperature of 40 degree. 

wording to another aspect of the present invention, 
there is provided a method for conducting a wet-processing, 
comprising: conducting a wet-processing to a semiconductor 
substrate with a chemical soiution containing an organrc 
25 solvent as a main component when at least a part of a devrce 
terming region on the semiconductor substrate is exposed. 

According to another aspect of the present invention, 
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there is provided a method for conducting a wet-processing, 
comprising: conducting a wet-processing to a semiconductor 
substrate with a chemical solution containing an organic 
solvent as a main component to expose the semiconductor 
substrate . 

According to another aspect of the present invention, 
there is provided a semiconductor device comprising: a 
semiconductor substrate; and a first gate insulating film and 
a second insulating film formed in different regions, 
respectively, on the semiconductor substrate, wherein the 
first gate insulating film comprises a first insulating film 
and a first high-k film formed thereon, wherein the second 
gate insulating film comprises a second insulating film and a 
second high-k film formed thereon, the second insulating film 
having a different thickness or a different material than 
that of the first insulating film, wherein the first high-k 
film and the second high-k film are formed of zirconium, 
hafnium, lanthanoid, aluminum, indium, gallium or the oxides 
thereof, and have higher dielectric constant than a silicon 
oxide film. 

In the semiconductor device according to the present 
invention, the film thickness of the first insulating film 
may be less than lnm. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1A to ID are schematic sectional views of the 
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i= the processing 
hBtrate showing an example of the p 
semiconductor substrate, sn 

• the first embodiment according to the 
steps described xn the first 

present invention; 

p- s 2A to 2E are schematic sectxonal vxews 
Fxgs. 2A to processing 
H.trate showing an example of the p 
5 semiconductor substrate, 

, ■ the first embodiment accordxng to the 
step s described xn the first 

present invention; 

3A to 3D are static sectional vrews of 

subs trate, showin, an e X a mP le of the processrn, 
semiconductor substrate, 

■hed in the second embodiment accordxng to the 
10 steps descrxbed xn the 

present invention; 

Figs 4 A to <C are sciatic sectional .rews of 

bstra te showin g an exa m ple of the process^ 
semiconductor substrate, sn 

l teps d escri b e d in the secon. e— ac— 
15 present invention; 

u ,Hr sectional vxews of tne 
Fias 5A to 5D are schematic sect! 

F g lo nf the processxng 

seml con d uctor suhstrate, showin, an e^e t P 

steps .escriheo in the thiro — ~* — 

present invention; 

Figs 6R t0 6D ate sciatic sectional vre.s of 
20 Fl< 3 s - ° 1o of th e processxng 

sem icon d uctor suhstrate, showin, an exa.ple of th P 

steP 3 .escriheo tn the thir d — ent — " 

in the respective process steps; 
o£ the thickness xn the ^ 
Figs . 8A to 8D are schematrc sectronal 
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nstrate showing an example of the related 
semiconductor substrate, 

art processing steps; 

Fig , 3A to 9E are schematic sectional views of the 

bstr ate 

se»iconductor substrate, 
, art processing steps; ^ 
Fig . 10 is a tabie showing the results 

, h rate ratio measured in Example 2; and 
and the etch rate ^ rate 

Fi g 11 is a table showing the resul 
and the etch rate ratio measured in -ample 3. 

DETAILED DESCRIPTIO. OE THE PREFERRED EMBODIMENTS 

The specific constitutions according to the present 

■ retail bv referring to 
• W ill be described below xn detaxl by 
inV entxon wxll be ^ q£ the drM each of the 

15 the attached drawxngs. In exaggera ted, for 

. of the semiconductor devxce wxll be W 
elements of the inve ntion. 

- of easily understandxng of the p 
the purpose of easxxy 



Fias 1A to ID and Fxgs. za x 

f cturing a semiconductor device according to 
steps for manufacturxng 

- of the present invention. In thxs 
the first embodxment of the P r 

„■ nt the present invention is applxed to the 
embodxment, the p compri sing gate 

«f the semiconductor devxce 
manufacturxng of the se 

^iffprent thickness. 
25 insulating having differen onl2is 

As shown in Fig- ^ * 

ilicon substrate 10, and thereafter a frrst 
formed on a silicon suu 
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oxid e til. 14 (having a thickness of, for example, 
and a seoond oxide film 16 (having a thickness of, for 

13b. respectively, via thermal oxidization method. The 

i? is formed via shallow trench 
5 device isolation region 12 is formea 

isolation method (STI method, , and comprises oxide films 
formed via CVO or thermal oxidization. Subsequently, a 

iq 3 n i-line resist 
;r, Fin IB The resist layer 18 is an i 
shown in txg. 10. 

10 layer. The formation of the resist layer 18 is carried out 
by applying an i-line resist material on the second oxide 
f llm 16 to for, a resist film and conducting a development by 
exposing the i-line resist film to i-line emitted from, for 
example, xenon-mercury lamp (not shown, through a patterning 

mu lti-layered structure is then wet-etched with buffered 

■ ic As a result, 

AA [rhfi as shown m Fig. "° 
hydrofluoric acid (BHF) , as 

the first oxide film 14 is removed as shown in Fig. ID. 

Subsequently, as shown in Fig. 2A, isopropyl alcohol 

, ■ H thereon at an ambient temperature to remove 
20 (I PA) is applied thereon ai 

th e resist layer 18 via the wet etching. The wet etching may 
b e carried out via a dipping process or via a single wafer 
p.ocess. In this processing, the resist layer 18 is 

25 Fig 2B . Then, particulate contaminants are removed from the 
surface of the silicon substrate 10 with ammonia-hydrogen 
peroxide mixture (APM, , and thereafter residual metals are 
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mHF) In this occasion, 
< k diluted hydrofluoric acxd (DHF) - 
cleaned by diluted y of , for 

• ,i oxide film 20 (having a thickness 
a thin chemical oxide silic on 

le o 9 nm) is formed on the surface of the 
example, «»w 

substrate (Fig. 2C. athird oxide film 

4-1 w as shown m Fig. 
5 subsequently, med yla 

o of for example, 0.8 nm) 
22 (h aving a thrcKness of, 

rapid thermal oxidation (MO) P— 

P ■ different thickness, i.e.,., 

n.t-ina film having difterenu 
two gate insulating thickness of, for 

f . rst qa te insulating fil» 26 (having a thickn 

thS nd q ate insulating film 28 

n ^ 0 8 nm) and the second gate 
10 example, 0.8 n as 

of for example, b nm) 
(having a thickness of, 

shown in Fig. 2E. removed 

4- =,q the resist layej. 
in this embodrment, as the 

■ na IPA chemrcal oxide film i» not formed on the 

bs trate 10 during the removing 
f rhp silicon substrate 
15 surfaoe of the 

processing for the resrst layer 

,o is formed during the cleanrng process 

OXidS " h in the subsequent process of forming the 

- " S RT0 the film thickness of the formed 

. j f-iim 22 via RTO, 

as this 

20 film can be controlled to be thrnner 

„t the generation of stains such as 
processing prevent the ge ^ 

r rmarks the uniformity of the gualrty 

b suitably controlled, in addition, this 
film 22 can be suitably emperature wi th IP, for 

enables the processrng ^ ^ 

25 removing the resist layer 18, and 

■ Afferent film thickness can be 
no films havrng drfferenr 

stability by a simple process. 
£orme d with high process stabrlrty 
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Second Embodijnent oc , nn 

■ a a to 4C show the processing 

Figs. 3A to 3D and Figs. 4A to , 

„.„. « • — — — 

- of the present invention. In this 
5 th e second embodiment of the P r 

a ent the present invention is applied to the 
embodiment, the p & h . gh _ k 

of the semiconductor device oy 
manufacturing of the sem Afferent 

- — »;»;;™ ' ; th . 

■ = the first gate insulating turn 
thickness, i.e., the ri 

9P as shown in Fig. 
,0 second gate insulating film 28, as s 

10 ^ -n the first embodiment m 

Similarly as described xn the 

oa to 2E, a first gate 
to Fias 1A to ID and Figs. 2A to 2L, 
reference to Figs, j- 9R are 

f -lm 26 and a second gate insulating fU» 28 
insulating film 26 and lsola tien 

„ „ the silicon substrate 10 having a devxce 
formed on the ln 
15 region 12 thereon (Pig. ■ Suhseguently, a 

3B a high-K insulating til. 30 .having a thrc.ness or 

le 3nm, is deposited via chemical vapor deposrtron 

eMmP t - c laY er chemical vapor deposition (ALCVO, , 

(CDV) such as atomic-layer cn 

ta organic chemical vapor deposition (MOCVO, and so on, or 

10 . q T he high-K insulating film 30 ma y he formed 

20 via sputtermg. The g ^ ^ q£ 

of a material ^ ^ , fM e!!ample , hafnium 

the silicon oxide trim (3.9 to 4.5), 

■ d (Hf02 , zirconium oxide (Zr0 2 , , HfAlO, or the 
oxrde (Hf0 2 ), thickn ess of, for example, 

Purther, a polysilicon 31 (navrng a tnrc.nes 

cnrf3ce of the high-k 
25 20 nm, is deposited on the upper surface 

insulating film 30. 

Subseguently, a resist layer 
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3C Thereafter, the 

,1 as shown in Frg. 

h - ah -K insulating film 30 are 
—on 31 an d the ^ the m a. of the resist layer 

— ^ d T:" m o.al as shown rn 30. - 

32 to carry out a step thl c)cness o£ 

j to a halfway to tne 
etching is contrnued therea fter the processing 

-Film 30 , and tneredJ- 
th e high-h insulatrng fil» 

with SPM i« «« ied ° Ut - layer 32 is removed, 

• „ this operation, tne 

Having this P inSU latmg 

• 4A. Subsequently, 

as shown m Fig. the secon d 

ei aate insulating fil* z 
0 film 30, the first gate ^ ^ wet _ 

film 28 are selectively 
gat e insulatrng trim ilicon 31, as shown rn 

etching through the mask ^ fQr 

„ 4c In this processing, BHF may 

avaUable etching solutron 
the etohrng solution. * . ^ such as IPA 

1S may he a chemical solutron » ■ 

wlth an additional fluorine compound P 

or sulfuric acid-basea 4 
aqu eous solutron . ^ ^ The 

^ Ph0SPh0 " C £ rrphosphoric acid may he 
temperature of the ho P 

2 0 200 degree. C for examp .. ^ q ^ be used . 

aolution heated to ,0 d^ree- f ^ ^ suchai 

- ^ 7filne compound, phosphoric acrd-hased 

IPA with addrtronal solution as 

or sulfuric acid-basea ^ 
agueous solutron ^ q£ ^ device 

25 the etching solutron, ^ surface c 

i? is prevented. Attet 
isolation region rinse 

, e in is rinsed with IPA. 
the silicon substrate 10 
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■ stur e remained on the surface of the 
operation removes morsture generatlon of the 

h,trate 10, and therefore the gener 
siUoon substrate f the slllco n substrate 10 is 

watermark on the surfaoe of the 

PreVe Te' thirds insulating film 33 comprising the first 
5 gate Elating trim M and the high-k rnsulating film 
g ^ an d the fourth 

£ormed on the upper surface thereof . _ 

insulating film- -trsrng 

28 a nd the high-k insulatrng frlm 

£ actured by the processes described above. 
10 - aMfaCtUre e sur£ace of the silicon 

Tn this embodiment, the sur 
t 10 is cle aned at the time when the silicon 
substrate 10 

ubs trate 10 is exposed 3 ust 

, *-h aate insulating film 40 ate 
film 38 and the fourth gate ^ ^ 

remained on the sui 
and therefore moisture There fore, the 

<- 1tl can be sufficiently removed. There 

of the silic on 

ge neration of the watermark on the 
substrate 10 is prevented. 

20 ^Udjmbod^ 

This embodiment is r 

• „ rhe transistor formed m the 
manufacturing the ref erring Figs. 5A 

• i „ni be descriDea 
region. The detaxls will be 

to 5D and Figs. 6A to 6D. . 

■ p-„ 5A an oxide insulating fxl* 
shown in Fig- dU 
25 as snown formed on a 

, for example, 0 . b nrrw 
(having a thickness of, 

Hstrate 50 via thermal oxidization, and 
silicon substrate 
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. film 54 (having a thickness of, for example, 2.0 

inSUlat1119 f d , CVD or sputters thereon, an, then a 
nm, is deposited via examplei 200 

polysi iicon iayer 56 (having a thicknes 
• fhpreon via CVD. 

»' iS dePOSlt6d . Fiq 5B. a resist material is 

Subsequently, as shown m Fig. 5B, 

5 i ,«r S6 and the resist 

4. is processed by a 

material P Thereafter, the 

. pr laS er to form a resist layer 
excimer laser 1=H -. na film 54 are 

, 56 and the high-k insulating 

resist layer 58 to 

i .trhed through the mask of the 
10 selectively etched 5D _ 
t a stepwise removal, as shown m Figs, 
carry out a stepw entire thickness 

Th e etching is continued to a halfway to th 
o£ the hiqh-k insulating m. M. and 

■ „ith SPM is carried out (Fig. 6A) . 
processing with sm high-k 
f lv the remaining portion of the 
15 Subsequently, ^ 

f nm 54 and the oxide insulating 
isolating film 54 ^ ^ q£ 

selectively removed via the processi ng, 

^ fFias 6B and SO . In this y 
th e polysiiicon 56 (Figs- ^ 

BHF OE DHF may he employed t ^ 

■ -. wio etching solution may be 
20 the available ^ fluQrine 

an organic solvent such as oxidizi ng acid 

, or a ch emical solution containing an 
C ° mPOU ' h c aci d-base d agueous solution or sulfuric 
su ch as phosphoric ^ 

acld -based aqueous solution or 

lt thereof may preferably contain one 
25 acid cr salt ther phosph oric acid; 

sel ected from the group consisting 
sulf uric acid, nitric acid; perchloric acid, per 
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a nri cerium ammonium 
and salt thereof; and cexx 

P " aMC 3Cld ' h c acid may be W phosphoric acid. 
nitr ate. The phosphoric acid 

♦ mature of the hot phosphoric acid may 
The temperature ^ 

~~ r for example. Also, 
C to 200 degree. C c may 

agueous solution heated to 40 degree. C to 

ed T he temperature of the chemical solution such as 

d 0 r sulfuric acid agueous solution during 
ho t phosphoric acid or sulf ^ ^ ^ 

the removing processing for the high 

hl be set to he not higher than 200 degree. C, 
preferably be set to 

mo re preferably not higher than 180 degree. C. 

„ t to be for example, 40 degree. C, 
llmi t thereof may be set to be ^ 

- >"<~ 10We : t al removing processing for 
— 3 -ti while inhibiting the surface 

the high-, msulatrng film con£lguratlo n may 

■ nn of the underlying sxlxcon. 
5 crazing ox i-u<= r^ lm cn 

of the qate insulating film 6U 
provide a manufacturing of the ga 

P • film 52 and the high-k 

comprising the oxide insulating fxl* 52 

substrate 50 is 

Thereafter, the surface of the 

nrocessing effectively removes 
„ ■+.>, tpa The rinse processmy 
20 rinsed with 1^. silicon substrate 

the moisture remained on the surface of 

of the watermark on the 
50, and therefore the generation of 
surface of the silicon substrate SO is prevented. 

lls 64 are formed, and thereafter ton 
Then, side walls 64 are 

■ carried out to implant ions rnto 
■ notation processing is carried ou 
" 0£ the silicon substrate 5 0. Thus, impurity 

=. 6? are formed on uie 
regions are 
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portion of the polysilicon layer S6 and gate film 
0 by this processing 

formed over the entire surface o f the si— substrate ,0, 
and th . portions o £ the -Uic layer contacting the 
5 polysilicon laye, 56 an, the rarity region 62 are 

„ „d after that the other portions o£ the 
silicidated, and alter 

me taliic layer are removed to « a metal silicide layer 
th e ga te electrode and source-drain regions ( not shown, Th 

10 gateSle C " 0de '. . lantati cn is conducted to the surface 
When the ion implantation i 

hQtrate 50, moisture remaining on the 
of the silicon substrate au, 

leading an uneven processing condrtron for th 

von in this embodiment, moisture is removed 
m ion implantation. In tni» 

15 ion imp 50 with ipa prior 

fr om the surface of the silicon substrate 

. the ion implantation, and thus the impurity 

to carrying out the ion xmy 

, ... _ n even processing condition, 
region 62 can be formed with an even p 
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EXAMPLES 

EXAMPLE 1 



Similarly as described in the first embodiment with 

ot\ +-n ?E the first 
_ 1A to ID and Figs. 2A to 2L, 

reference to Figs, ia 

gat e insulating film 26 and the second gate insulating film 
25 e were formed, m this example, variations in thicKness of 

. de film in the forming region of the first gate 
formed the oxide film men 

relating film 26 were measured at respective stages of. 
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■ ... laver 18 with IPA, as shown in 
(1) after removing the resrst layer 

Fi9 ' 2A '' .„ the surface of the 

after the cleaning processmg for 

silicon substrate iu 

5 and 

a fter RTO processing, as shown in Frg. 2D. 
after elllpsom eter . 

f +. h ~ film was measureu 
The thickness of the thickness 

for the purpose of comparison, thickne 
in addition, for the purp 

. , film in the forming region of the fxrst gate 
of the oxide film m rep lacing 
• film 26 was also measured in the case 
10 insulating film 26 ^ 

,t of the resist ±ayej- 
IPA with SPM for the removal of 

above stage <i, , - a comparative example . 

Fi , , is a graph showing these measurement resu 

i of the resist layei. 
/ • \ i e , after the removal of the 
in the stage (i) , i.e.. silicon 

« formed on the surface of the six 
15 18, no oxide layer was formed 

tpa was used. On the contrary, in the 
substrate 10 when IPA was 

comparative example, a chemrcal oxide film 
thickness of 1.2 nm was forme, on the surface of he 
substrate 10 when SPM was used. Thereafter, rn the stag 

" an cxide film naving a thicxness of about 0.3 nm on 

oon£irmed , even 

the surface of the silrcon substrate 

■ , laver 18 in the stage U) had 
, f the removal of the resrst layer 

it tne i=" iu processing 

, .. h tpa Subsequently, when RTO proces 
been conducted wrth chemlcal 

» was conducted in the stage U r , ^ 

oxi de film shrun, to a oertarn level. 

was conducted for the silicon substrate en whrch 
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,. t layer 18 -as conducted with IP* i» the stage 
of the resist layer ^ ^ 

(i) the thickness of the chemical ox.de 

08 nm On the contrary* when RTO processing was 

rat ive silicon substrate on which the 
conducted for the comparative 

j -it-b SPM in the stage (i) / 

of :r,r . — - - 

was 1.0 nm. As such, effec tive in 

■=t laver 18 with I PA was effective 

10 fU, ae including the chemical oxide f i lm > 

comparison with the comparative example includ 

■,1- laver 18 with SPM. Further 
of the resist layei 

PrOC6SS f the repeated testing were conducted to provide 

evaluations of the re F 

^-F i-hp resultant first 
that the controlling the thinness of 

, ,'nn film 26 with higher reproducibility. 
15 gate insulating film thick ness 

it- is confirmed that tne 
As mentioned above, it is co 

j ^ thp thickness 
of the first gate insulating film 26 depends on 
ot tne j-x ^ resist 
of th e oxide film forced during the removal of 

nf th e oxide film formed during 
la yer 18 and the thickness of the 

-trate 10 with APM and DHF. 
~f thp silicon substrate iu 
2Q the cle aning of ^ ^ layer „ 

wh en the conventional manner ^ ^ 

uith SPM is employed, thicker oxide film 

■ ubstrate 10 during the removing 

surface of the silicon substrate 

- st la yer 18, due to the influence of 
processing of the resist layer 

h ntrary when the manner of removing the 
25 SPM. on the contrary, fllm is formed on the 

lay er 18 with 1PA is employed, no oxide film 

. ubstrate 10 during the removing 
surface of the silicon substrate 
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f the resis t layer 18. Therefore, the thickness 
processing of the resist 

• ri first gate insulating fxlm 26 can 
of the eventually obtained first ga 

i , na _ pA for removing the resist layer 18, 
be reduced by employing IPA tor 

^ the case of employing SPM. 

as compared with the case 



EXAMPLE_2 , 

A £i lm of Hf0 2 was formed on a surface of a single 

. , r3te V ia MOCVD. The resultant 
crystalline silicon substrate via 

* «, ".amole 1". For the purpose of 
product is referred as sample 

4-. nine silicon substrate is 
comparison, the single crystalline 

ed to form a thermal oxide film (Sx0 2 ) on 
thermally processed to form 

hq , rate The resultant product is also 
the surface of the substrate. 

referred as "sample 2". 

things were —a for the sample 1 - «- ^ 
2 ; respectively, with the blowing chemical solutions at 

following temperatures: 

:^ c « s% i 160 degree. C; 

(i) phosphoric acid (85%), 

i . , QC e_\ 160 degree. C; and 

(ii) sulfuric acid (96 %) , lbu y 

. . (5Q ambient or room temperature. 

(i ii) hydrofluoric acid (50 „) , amo 

1H ,q 5%) " indicates 85 % aqueous 
0 (where "phosphoric acid (85 o) 

v, acid and this is similarly applicable 

solution of phosphoric acid, 

to other chemical solutions.) 

The results of th e etch rare for the respective samples 
and the etch rate ratio are shown in rig. 10. It was 

h „ rhe conditions of (i) phosphoric acid 
25 confirmed that, when the 

r and (ii) sulfuric acid (96 %) at lbu 
(85%) at 160 degree. C and (in 

, ed improved etchings were conducted fo, 
degree. C were employed, improve 
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th e sample 1. It was also confined that the etching with 
the chemical solution containing sulfuric acid provided 
considerably improve Che etch rate ratio, which is determined 
as (etch rate of Hf0 2 ) / (etch rate of Si0 2 ) . 

5 

EXAMPLE 3 

A^ilm of Hf AlOj; was formed on a surface of a single 
crystalline silicon substrate via MOCVD. The resultant 
product is referred as "sample 3". For the purpose of 
10 comparison, the single crystalline silicon substrate is 

thermally processed to form a thermal oxide film (Si0 2 , on 
the surface of the substrate, similarly as in Example 2. The 
resultant product is also referred as "sample 4". 

Etchings were conducted for the sample 3 and the sample 
15 4, respectively, with the following chemical solutions at the 
following temperatures: 

(i) phosphoric acid (85%), 80 degree. C; 

(ii ) sulfuric acid (96 %), 160 degree. C; and 

(iii ) diluted hydrofluoric acid (DBF) (0.5 %), ambient or 

20 room temperature. 

The results of the etch rate for the respective samples 

and the etch rate ratio are shewn in Fig. 11. It »as 
confirmed that, when the conditions of (i, phosphoric acid 
(85%) at 80 degree. C and (ii) sulfuric acid (96 %) at 160 
25 degree . C were employed, improved etchings were conducted for 
the sample 3. It was also confirmed that these etchings 
provided considerably improve the etch rate ratio, which rs 
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determined as (etch rate of Hf A10 x > / (etch rate ef Si0 2 , . 

recording to the present invention, there is provided 
the technology of controlling the thickness of the silicon 
oxide film formed on the semiconductor substrate to be 
5 thinner is provided. According to the present invention, 

there is provided the technology for preventing the formation 
of the unwanted film or the stain such as watermark on the 
semiconductor substrate. According to the invention, there 
is provided the technology of controlling the uniformity of 
10 the film formed on the semiconductor substrate. 



